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~~ I, DISCUSSION 
A. SUMMARY OF RESULTS 
e The following table provides a summary of the margins of safety 
of all the significant structural items. 
ba They are based on pressure loada which incorporated a 1.25 factor 
of safety. The allowables are based on the material properties at the macau 


thermal excursion the part will experience, (Ref. Section III-A). 


TABLE 1.1 
Drawing Minimum Margin 
Number of Safety 
Throat, Pintle 1147001 3.1.1-1 
Throat, Retainer 1147003 3.1.2-2 
Coupling 1146997 3.1.3-2 
at Piston Retainer 116999 3.1-b-1 
Piston, Pintle 116998 3.1.5-3 
Strutted Housing 116995 3.1.6-5 
Entrance Cap, Pintle 1147005 3.1.7-1 
Exit Cone Pins 1147016 
Nozzle Support 1117008 
Nozzle Throat 117012 
Outer Nozale Assembly 12),:7006 3.1.11-1 
e 
* 
is ‘ \ 
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Section 3.2.0 represents the results of a finite element computer 
analysis of the pintle and shroud nozzle components. 

Figures 3.2.1.0 and 3.2.5.0 are computer output plots of the 
pintle and shroud. They identify the geometry, materials used in the assembly, 
nodal point and element locations. 

The entire ejection load and piston load is transferred across 
Section A-A of the SSRM coupling (Ref. Figure 3.2.1.1). Considering thermal 
excursions at the end of the firing, a high margin of safety is shown. This 
confirms the analysis performed on Page 3.1.3.1 early in the design. 

Sections C-C and B-B (Ref. Figure 3.2.2.1) of the throat retainer 
must transfer ejection loads on the AG Carb 101 to the piston. Using material 
allowables at 200°F, the temperature expected at 750 seconds, a high margin of 
safety is shown. 

Tension across the retainer shank is again due primarily to ejection 
loads on the AG Carb 101. Section A-A, (Ref. Figure 3.2.2.1) at the undercut, 
has a 0.13 margin of safety at 750 seconds after ignition. 

The stresses on the AG Carb 101 are shown in Figures 3.2.4.1 through 
3.2.4.6. Sections in shear due to pressure and thermal loads are shown in 
Figure 3.2.4.1 through 3.2.4.3. The shear allowable is estimated at 2700 psi. 
This produces a M.S. = 0.24 at 8 seconds. 

Hoop stress distribution is shown graphically in Figures 3.2.4.4 
through 3.2.4.6 when the thermal gradient is maximum. The compressive stress 
or the inner surface is maximum and produces a M.S. = 0.0. However, this is 
conservatively based on tensile allowables. Compression allowables of graphites 


are appreciably higher than tensile allowables. 


-1.2- 


a oe ee es a a er a s 
re nee 


Report AFRPL-TR-69-50, Appendix A 


r™ 
The shroud nozzle geometry is shown in Figure 3.2.5.0. ‘The 
’ hoop stress distribution on the pyro insert at 10 seconds is shown in 
Figures 3.2.5.1 through 3.2.5.3. Again compression on the inner fiber pro-~ 
» duces & minimum M.5, =0.34. Conservatively, it is based on pyro tensile 
allowables. 
Figure 3.3.2 summarizes the results of the propellant grein 
analysis. The minimum M.S, =0.19 in the bond. 
oo 
s 
—~ -1.3- 
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B. METHOD OF ANALYSIS 
The motor was checked initially weing conventional methods and 


pressure loadings. This analysis (Ref. Section III-A), utilizes a 1.25 


factor of safety and material properties expected at the end of the firing. * 
The initial analysis is two fold in purpose; 
(1) It evaluates geometry and material changes on the design. . 
(2) It provides a reasonable geometry for the thermal stress unalysis. 
The latter analysis, (Ref. Section III-B) incorporates the final 
thermal map and pressure distribution. It is based on a 1.0 factor of safcty. 
AGC computer program No. E1405, "Finite Element Analysis of 
Solids with Nonlinear Material Properties", was used. This analysis is ae 
with thermal distributions expected at the following times in the duty cycle. 
1. +t = 8.0 seconds 
Maximum Gradient in the Pintle Insert. 
2. +t = 10.0 seconds 
Maximum Gradient in the Shroud Insert. 
3. +t = 750 seconds 
Maximum Thermal Excursion in the Pintle. 
This analysis, which is time-consuming because of all the details 
and computer turnaround time, serves two purposes: 
1. Verifies the initial analysis. 
2. Incorporates the effects of the varying thermal distributions 
in the structure. : 
A grain analysis was run utilizing existing parametric design curves. 
The grain was checked for the following load conditions: - 
1. Firing at Ambient Temperatures. 
2. Thirty-day Storage at O°F. 
-1.4- 
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II. DESION CRITERIA 
LOADS 


Pressure 
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MEOP 550 pala 
Actuator 3000 psia 
F.S, 1.25 yisld 
Design Loads 
Pp * 1.25 x 550 = 690 psia 
p = 1.25 x 3000 = 3750 psia (Hydraulic Systom) 
MATERTAL PROPERTIES 
Ref. Page 2.3 through 2.8 
GEOMETRY 
Ref. Figure 2.1 and 2.2 
Figure 2.1 is the computer plot of the aft end of the pintle. 


Figure 2.2 is the computer plot of the shroud portion of the 
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3.1.0 PRESSURE LOADING ONLY , TABLE CF PRELIMINARY 
MIN. MARGINS OF SAFETY 
3.1.1 THROAT PINTLE Pwg.Nne 114 700e1 
3.1.2 RETAINER THROAT ” “ 4147008 
3.1.3 COUPLING " “ 1146994 
3.1.4 RETAINER , PISTON te wo 1b 6999 
3.1.5 PISTON " " 1146998 
3.1.6 STRYUTTED HOUSING “ u (146998 
3.1.9 ENTRANCE CAP (PINTLE ) " " tt4 7005 
3.1.8 PINS (EXIT CONE) moo LEA TONG 
~~ 3.1.9 SHELL NOZ2LE SUPFORT " u «4147008 
3.1.10 NOZ2LE THROAT v “s 1§147ot?@ 
3.1.1) OUTER Nozze ASSY " *~ 1147006 
3.1.12 THROAT APPROACH NOZZLE " . We 7014 
INSULATOR , THROAT “40 “ 114 1009 
SyvPrPoeT , THROAT u " 1447010 
RING, FisTor h “ 1147004 
EXIT CONE “" “ 147018 
SPACER, THROAT NOZZLE os" we 7olf 
3.1-12 SLEEVE . is 47013 
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I. INTRCDUCTION 
A. SUMMARY OF RESULTS 
The table on Page I-2 and I-3 is a summary of the minimum 
margins of safety. The minimm margin occurs in the th. eaded portion of 
the sft closure. 
Rr, METHONS OF ANALYSIS 
This report uses two methods of analysis. The hasic desipn 
wis checked using conventional discontinuity pressure vessel analysis 
(Ref: Kellogg Report - 9th Army-Navy-Air Force Solid Propellant Meetinc, 
Structural Analysis for Design of Lightweight Rocket Shells). 
Ags time permitted later in the design effort, AGC computer 
orogram E-11h05 was used as a final check. This is a finite element 


technique which can incorporate arbitrary pressure and geometry of the 
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SECTION I 


INTRODUCTION 


The thermal analysis of the stop/start igniter was performed to 
determine the maximum possible temperature increase of the SCD located in 
the igniter membrane for various thicknesses of the membrane. To facilitate 
the analysis, it was assumed that the SCID temperature corresponds to the 
backside temperature of the membrane. The computed relationship between the 


maximum backside temperature increase and the membrane thickness is shown in 


Figure C-l1. For example, this figure gives a temperature increase of 155°F 
for a O.l-inch thickness. Figure C-2 shows the backside and frontside 


temperature responses of the membrane for three different thicknesses. 


i 
4 
i 
a 
i 
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To adequately predict the maximum temperature of the igniter membrane, 
the initial procedure of the analysis was to subdivide the internal surfaces 
of the igniter chamber into nodal sections. Figure C-3 shows the nodal sub- 


divisions for the case analyzed. 


caused by convective heat transfer from the combustion products of the pro- 


pellant,. 


The temperature responses for each nodal section were obtained from a 
thermal model which calculates the transient temperature response for a 
composite material which reacts or decomposes in depth. This is a one-~ 
dimensional, transient thermal model capable of including local surface 
regression, internal decomposition (charring), and transpiration of pyrolysis 


gases to the exoosed surface. 


The total heat flux incident on the membrane, assumed to be due to 


SECTION II 


DISCUSSION 


Heatiug of these surfeces was assumed to be 


A ee mm cate ane A SRO 2 Ti 


radiation from the chamber internal surface, is the summation of the individ- 


ual contributions from the different sections. The basic radiation equation } 


used to obtain the heat transfer between the different sections and this 


membrane is given below. 


N ( , 4 
Qa, = F.g(T:, -T 
ae 2 3 Jji mi 


Total incident heat flux on the membrane surface at 


Q. = 
+ time (i) (Btu/ft@-sec) 
Fs = Configuration factor from the membrane to the individual 
sections (j) 
T, ‘ = Temperature of an individual section at time (1) (°R) 
a, 
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| 


med = Frontside temperature of the membrane at time 01) (°R) 

fou e Stefan-Boltzmann constant 

i Using this heat flux data in the previous mentioned thermal model, 

| the temperature responses for the various thicknesses of the membrane were 

determined as shown in Figure C-e2. 

This particular configuration (Pigure C-3) was selected for analysis 

because it was estimated that it represented the highest heat flux condition. 
The basis for this estimation is illustrated by examination of Figure c-4 
which shows the maximum temperature response of a typical sidewall ¥or 
approximately 12 continuous cycles. Also, the heat flux (Q;) in the above 


equation is estimated to be maximum because of the relative importance of 


both the configuration factors (F5) for the various axial membrane locations 


A ate le, it ann ne an Stat as Ae wane le ARON ta etn et te nee aA EE LE A RE nee + oe 


Some of the important assumptions made in this analysis are listed 


below: 


Igniter Pulse Duration 0.15 second ; 
: Motor Pulse Duration 1.5 seconds 
Chamber Pressure 2000 psia 
| Propellant ANP-3316 ‘ 
Flame Temperature 6048°F ‘ F 


Additional assumptions were: (1) all surface emissivities were unity; 


® 


(2) combustion products or gas were transparent to thermal radiation during 


the off-periods; (3) radiation heat fluxes were diffuse. 
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Also, the thermal properties and kinetic constants of three materials 
and the propellant thermal properties were required for this analysis. The 
materials were nylon, V-4010, and RTV-60. Adequate data were obtained for 
v-4010 and nylon. The thermal properties used for the propellant were 
representative of a typical propellent. However, the only property 
determined for RTV-60 was the thermal conductivity at a specific temperature. 
The other required properties were based on the properties of similar materials. 
For example, the product of specific heat and density is equal to approximately 


35 Btu/°F-ft? 


in the desirable temperature range. Thus, for a typical valuc 
of 90 1b/tt3 for the density, the specific heat can be determined. 
The thermal properties and kinetic constants used in this analysis for 


the different materials are listed below. 


Thermal Properties Kinetic Constants 
Thermal Frequency 
Conductivity Specific Heat Density Factor E/R Order of 
(Btu/ft-sec-°F) (Btu/lb-°F)  (im/ft>) (an/sec) (°R) Reaction 
Nylon 6.00004 0.40 7.0 1.85 x 10/3 47,100 1.0 
v-Lolo 0.000036 0.45 68.2 1.252 x 10° 14,660 1.219 
ue 
RTV-60 0.00005 0.39 90.0 5.31 x 10 2 39,400 1.6 
Propellant 0.00007 0.3 110.0 - - - 
| 
: 
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Thermal analyses were performed on all components of the Stop/Start 
nozzle. The pintle and pintle housing, because of their severe thermal environ+ 
ment, were thoroughly analyzed to determine the thermal profiles associated with 
stop/start duty cycle heating. 

The particular configuration analyzed is depicted in Figures Appendix D-I 
and -II. Due to axial variation in local surface heat fluxes and the utilization 


of dissimilar materials, the heat conduction paths within the pintle was two- 


dimensional (axial and radial). As a result, all predicted thermal data obtained 


for the pintle and housing configuration were obtained by use of AGC's 
"General Thermal Analyzer" computer program. This program considers any given 


configuration as a series of small elements or nodes. Each node thus becomes 


part of an analogous electrical network wherein heat capacity and volume define 
the relative electrical capacity while the thermal conductivity and path length 
determine electrical resistance. In addition to the conduction network, the 
program is capable of computing special functions at each time step. For 


example, varieble thermal properties were included by varying resistance and/or 


capacitance as a function of temperature. Also, resistances which describe ‘ 


heat flow paths between the pintle and pintle housing were varied by a switching 
technique to duplicate the movement of heated portions of pintle into the cooler 
regions of the housing. In this manner, a continuous thermal analysis of any 


particular duty cycle was obtained without repeatedly stopping and starting the 


analysis after each firing or cooling period. 
Thermal analyses results obtained for various duty cycles using the 
techniques outlined are provided in the following figures. These data are 


presented in terms of predicted temperature histories for the arbitrarily 
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chosen nodes indicatea in Figures Appendix D-I and -II. 


investigated were; 
Figure Number 
III-1 thru § 

Iv-l thru 6 

V-l = thru 5 

VI-l thru 5 
VII-1 thru 6 
VIII-1 thru 6 
IX-1 thru 6 


X-1 thru 6 


No. of 
Pulses 


1 


1 


3 


Pulse on 


26 
26 
10 

1 


10 


10 


~2e 


Pulse off 
Tine, bec 


47h 
47h 


10 


10 


The various duty cycles 
Pintle 
(Backup) MX 4926 


All AG Carb 101 


| 
| 
| 
| 
: 


tengo arenes teh Sie Sls loa 


i 
Y UR. msg 
SSL 


DW KX. 


Fig. App. D-l 


Report AFRPL-TR-69-50, Appendix D 


NOILVENDIINGO SISATVNY 
WHWYGNL FILNS 


> orm “alt T\ 
|| a _| 
fal ig t s XY 6a 
‘musa! " a! \ 
= Hema. HY: 
(eas SK : 
¥ 2 aan “ aah 
SS ¢ 
La | | say Th 
eee 


Fig. App. D-2 


Report AFRPL-TR-69-50, Appendix D 


pe eee RATER TO Te TOE AREER Ts OUD 


TTT TT ee pa a EE a eS RT DT ape OR RL EB 2 PS po a 
Seiichi supe bee pee L oe ae em sees Eee de 
oe a H . want ateg@} pine torneo syn 
2 tdi ihe peace 'ivdeb [6-88 anh igeacesanoaes lg frt eh lobe epi ag Bj 
i aie a Gg Easusenseses a a io he 
DURCH RE 8 Be a Seo a 
th sree ee pace bes 2 é 
PEP on, wie aE “TI : 

errr ery ps = 

vp Fr ee sa ae 

ees 8RSs3 Ep 

i A ae + 

pv Co 2H MS 

am ese oe 

SG Hid 1 

ppp | tee 

a ad eS 1 a 

se el OE ieueene Lr ie Dae Ce ee a Se iia eae ee ate Ree ee 

Be) CREM 95 es Lt 4 Baap is fief | 7a Ph Baa ere pn 

peed pe ee oo cect | Tries 

Peet eget eeepc br Penis eee aia na Gs ie 

eee tree ea yt Dich ope bepoiak des 

REGE SERS «ht eR Le : 

Cet et ; 

Ae beret or 

Seeganae hy sede 

eueawane: 4: uae SER 

Torry a 

SAT SD tin ' 

cesasan g 


u WS 19: L Vere 24s | 


iar easton bangs aga aor Teen Gea 
it Bs Pies fe 7 
JTINTd {HB1S/4DLS J 


Figure III-1. 


Aetna” 


IT I ES YRS ' Fe Take ee meme ee ene ma Smee em mc 


i TI UY FY RN RRO FO | SO ELE SRR! TRATES TONE. eT RAR, SAR BGAN TS AUREUS —* eer ater are —racmcwereem m+ = evethan| tam Me Sace 


t a a . 


| Eee | Lge CELT 
, hee a bob tegen oven 3 bon 6 bs; Odor |orbne lo-bee | o-doe | ober [obs | a d'hez labor |o-dat | o-got!o'gns a -g2t 


Figure JII-2 


eee ee eet 
- +, —. --. 
i 


ye 


aa ae a 
eee 
= 
vi 
[aaa 
i 
5 7 
pp Rs saoae, «| eeapetee 
he Cana 4 
pcdehio aosNe" deter’ 
ic iO op se 
se f oe qeo ae ’ 
Rtern Es H 
bet: 
ad é 


: 1. a 
. iJ > A 
pea enema 
i = 
1 


Report AFRPL-TR-69-50, Appendix D 


io HOON dose’r ging 


‘ q ae eee ipeEESEe ae stbste aictasazee Bbapaestagonaaadttoguies Tas 
‘ a os dda totaled la-dulaturl del equa serrata panaressgerery Tarr 'sar ieee 
| x TH cL HHL SHERtSReENstiel rH paRECEPESS ooo a tall 
a | aneRtREe FH SESEAISGAEECS ate BRini 55 sa02e2c0716' 8 
a aan SME EE PETER Tee 
a seat SURES SURETURTIECERREESANERERES ORES" *" "snes 00 il He ivGhgie geen 

< scans = eeerorenesnassnseeste=tl: eaDittiUHT nine, : PERE E 

3 4 a at ie titcitcte re he A =i 

d = ue eeecy eceen ao a of ; 

ue sees sabe aeLe? | FH rH 

suns FA craeee SESENASES 

Be perhprte Fre a 

a: : 4 é i Lr. 

cr rane mE Lek, 

apes MNESGESEEE SE Tre ECE er 

BT ie HH 

& —pooi t. c 


Ae A aa Dan evra ies cS SS LS A 


erie 


Figure III-3 


sane ee A et care Nm ree 


ee RE a ar 
a 


Report AFRPI.-TR-69-50, Appendix D 


saaoaete 
jeietente 


a 


aes 
pete, 


bata eee ere at 


ia kan AE A al aA aS 
we saanae Spee 
dunuas 
sancneceee 


= 


Perry ee aaa 
pista peeaee op 


SE HMauAEt 


ery — Sw eR te 
ean A 


apiret. iar ecete 


JTINTd 


gus 7dois 


Figure III-4 


‘ 
( 


— 


ee a 
; resaegese 
: Hiden tl 


Report AFRPL-TR-69-50, Appendix D 


rise 


none 


cure eteace 


dl ddd, Lik ti bagd hd 


pee er bab fe 


sedassuteaasasstostuestatitevanns 
seataeeeRSSCe META 


aarcraitts 


Seausazusstihceeta 


eee 


rh 
cea rH 


ff 


eres 


le 


ea EOEMRTESEEEECOEECEeEaE Sts 


atuerers 


sree 


A Kiet 
yeas 
oan 


andeenseGhuckugeosckocaaue ao ERSELY tite tee 
patel imi: | abe ba gop abo ta 


4 
aT 
_ 


a 


d* 


ace 


CNT » 


"Tr 


lar 


att a 


i: Sue 


1 
i f. 
r 


Beaceeestse FY 


we We? 
ti 


at E-eee 


pitty 
swith i 


bisbert tenge 


By ena E 


Figure IITI-5 


CO cee nea ae entree pee mee 


Lewes ween 


Report AFRPL-TR-69-50, Appendix D 


Bias 


BSEeRUEEEE 


saad 


ET PDBETT 


he 


boos eoce kes 
ate ee 


7 


+ 


fa deg al 


wr’ go 


silo-opotia 
i 
i) 


in Op 
WI 


* Ween onszin: mez 


a 
rg 
1 


A 


mse 
1 

i 

] 


ora 


ee 
i] 


Figure III-6 


Tee wen ae eee ae ee 


CUBE gt ome 
"=, SSeS eB: 


Report AFRPL-TR-69-50, Appendix D 


a ee 


PREC HET ane tee SENG PagUAEES Gg! 


re: wah: be le vsadteapislibosishocntinesbetl LibemieO TT, Mtmel VGaD LOM CCPReTRSE MAE) SLE SENED-GORAE “uv! Coe 


asd vsomacant ce 


a nn a poeeeeenuaes 


00 sou eG Odeon eee coe eee eee rS 


subi Riuuan cues seceeaegeenacaecuae SGgasuoed bet 
: Eu eam GE aaa at anieras a 


saa adadceceetuaatancs 


cere oer 
PEEP Eee Pe 


mae 


Se 


ft 


ee 


vias FEET Statik 7: =F ehh z ah 
i Scoata HERES EE ERSGPaEaESES dadt Giz 
i aes pie ais 


eiesertaoree fupetes 
es sues a6 
Sos tees se 


of io od Ut 


E tte htartiet EEE mun /SOREgEE Gua 


ce AEE ES 
view Gattaested aa 


cence 


-1 


Figure IV 


Report Saurieean igi Appendix D 


PEP CEEECET ECE rey 


SSULSESBERIAEZ 
sae etiniitis Specht bebe tit 


ea 


££. ee Sa eas eer rrr rrr 


. 
abet! 


Be fae he 
me 
Jee 
aot Gi: . 
oun aeeaana 
PERRET Corr 
ea ae 
eee ceoene 


Fae ie 

Pedmencue 4 
a eS 
pe geaei ace 
ec eee 


at ane sitet ‘a 
SSE ERSRE Gwaah 
gah faa 


Figure Iv-2 


Report AFRPL-TR-69-50, Appendix D 


Se eae ma 


de Gate TEE erent + ee 


aie 
Hae Ct Wee eS 


it. cee 


Ee BREE CECE PEE Cr 
ipeseracsasateaieds Eooe 
PEeSCEPEPE EEL EEE the 


ADL Nested aie sil ma 


saa rp 


SASESEREESTasu20 400090 2 
ft aia zits 


pera aean PE HE 
paupegaaey Fie 


apes Boot eccaateas aa 0edii Meat fatis atte 
Saat igus ae guna Senne He 
Ter ae at PEELE rH sehtaiis SP aAgagiien ‘a 
ec saeaeeee oeee DA a BaESeE ar eee sean Atte a 
pessedetil a kd of ate Bit ies He Hittite ee 
ai 4 Et ; ie He ds LEE eer 


Se Ee ee ryeeeee reer ttt & 
rel Wot) pie Tei Lark cabrti@t tte 
oer ya pitt 
adev ened @ oes 7 
: PEPER int Ee ve get : 


dumeue eg 


oe 


fia.’ ‘Tv-3 


reece ee ane ee ee ree a a EET RO ee ne 


Report AFRPL-IR-69-50, Appendix D 


at searber"gasecesscsMcgse vcs 


ree ceteeeeeee rece 
Gheneees CASSEEEH 


5 ar 
Ere : 


ie. 


5 be L Ra Ls: 
ag Saeueeans 
oe oe ee a 
Bama 
t 


PE EC EEE Hd 


Pare Wer 


HEEL 


ae 
a 


mee Tee 
chogeencan ry 
Fy ae 


-# 
aianar x 
pHa 

x 

a 


iron asin eae i 
Seionxdn eine 


amos SS SS 


a a 
it 


om 
zie 


Sudsunauabaneannen 
Beaelaeat 


Ste 
EEE HEY 


E 
a 
a 
LI 
MU 
i 
a 
z 
SoeeGe 


ae 
Fee 
La 
CERT 
aad 
ia 
H SRHTR 


et 
iaue 


a 
raved 
BPEEEEH 

OALEEHEEEH 


SaeaGndaaeee 
AS. eel eee 
air caeceeee Sneoames 


He TP 


ss 


ie 


# 
i 
PeCEeEete CH 


Sa 
Re 
4 
Hf 
Hirota teh 
AF Pe 


- Or ne cen aN RSS 


earner crt ene 6 ACRE NN NL TTG A me ee ee 


sa HEE HseeL TALE Tce ees 
aia Seriayr sea" a0h! ed 
er et tt 


sae 


A 
SEE 
Hite 


4 ae 
See 
see 
=e 
Pa, J 
as 
ale 
a 
at 
ane 
want 
an 
aaEe 
rues 
HH 
mae 
= 
auuee 
a 
cH 
Sanz 
AA 
a 
+ 
att? 
acare 
Sau 
P| 
<t 


Report AFRPL-TR-69-50, Appendix D 


Pes bee shateccets 
Ee a 


! ‘ 
4 ty piate 3 andy; 
DT BRSY US OPM ISEAY 2 10d-y 
te 


Figure IV-5 


re 


Peaeere | 


a eas eee 


Report AFRPL-TR-69-50, Appendix D 


popeaeh ee be pe dee ded ere f ed Shag de be hoe 
, Se z ‘ ar ‘ Yona ee i ‘ 
pas tot fF bos H ‘ | , ) 
ST oi haa ey 
‘ Fi es ms a u a i ! fi 


eth et 


Pe ica 
' A : 1 


LY 
JSTINId Ly 


y Et a 
eel ct ee ee tae 
BbLS/dOLS 


a 


Let 
cE meL 


pet 


IBGE aesseeesaeaads os ghee 
bt ate Fs 


Beet 
nen 


Figure IV-6 


Tt a ee 


select 


E as efastaeeas 


Biesiarsere 
eSEeeRneri 
INGAAS 
arian VENA 

imi iiaat 
ss ai ttett 


Repo rt nee ake! D 


" Sit Sinan aie Seta 0 ‘ 
a sp ap egeg ce fe f fee fe 
a : : wees 2 
! eae 
i 
nd : Nits i 


arenas enete 
madcest ce eeaze 


bag J“ pob | 


NES 


a 


SANTA 


Sete ort deans ah dheanatiaiaeneananeemmatieetee eT 
- 


co pee en ea PT NLERRE FSI ten ee 


ae “EE 


o'e 


ogni t 


Oo“ Dopzig* custio> 


eet 


10°00 
+ 


AAA 
EEE i 


STINTS THULS7do1S 


Figure V-l1 


| 
| 
| 


| 


Report AFRPL-TR-69-50, Appendix D 


if Fd 
td 
es ici 


ast! 


u 
: 
e 


Seoeeaen 


ey 


A AS AE me ea RB as ™ 
Pua Beaune 


Peer Per eee 


gsneeennere 
re Ted 
raid es a 


iiss 
: 


pride dik ods Fel 3 


i 
ae 
a 


AAA 


in 
Scania 


ae 


paeeb ea 


eon 


Sa 


! ' 
~i. —t-iy 
a 
eae 
oaeals 
os 
| 
ie 


. aes 2g - 
et : i) my. 
er 


ol 


art 


elo: 008 110 
fee jueths size lt 
qchal. 


1 
! 


00520 

i 
c 
r 


Figure V-2 


— i eee ete 


ee nese ae oat tee 

ot eects oe iSong inere Ba oe 
am Peper fi a Ped Lt tl 

" a ome 


vege mead 


Esscannsz cee toi aaoRe dha 


Seeietereeceeras’ 2 ea a 
Beseospacsarss tea Senos era 


cinceen-aeuet 


Suusanee2aGdESalte | 


SOP ASDART. PINTLE 


—} -4 
i 
at 
Ft 


1 x I t 
1 dogn'o-oo0nio.’ ose: moa “008207 spare gosto: hile bos | ‘O° 


1 
i 
| 
Le 
4 


4+ 


! be on 
Sh oi Tae Te ieee 
ee ees a yal, ati u 431)" ones ee 
bi donq -'-- pea ue ian io aie 4 iB 
Fedage hb cro tee eV leah ole 
eae eee 
etl eee er ee enone 
| ae | 3 | rs " “ wo | i= } f ro 
Rasy Pe ee Coat eee Pan ee ee ea ee (ee ee 
oe is (an es ae aa ak arg ee ee Os Pk a 
H | | wle iz je iis: le |n io age ee 
-i lg tes ese Ee pot 
Pepa: dee cee ie ede bo 
Bia cecal a jig Se ree ees ae 
font sdoecd acd + bedect Ped ele Psp Seed a be 
Figure V-3 
eee tS Se ou ee ee eas 
. 


Report AFRPL-TR-69-50, Appendix D 


aia faa peer et seat Le 


a 
am 
—_ 
z'- 
Of: 
— 
me 
om * 
tre: 
(oe) an 
a 
OLR 
Oh ee 
a es nes al ee onenea ieaea 
sd SS ae ama naa! 
eens annuus neta sueebaese 2pebeh Cot 
aoe a, 
See = 
pote ee Nee 
z mere Ge) FH 


Po 
epee re seat CenseneT 


ee ieee 


Report AFRPL-TR-69-50, Appendix D 


GB an enemas = 
wane SGERSREaNaaERANNEREnEnt- At 
senaguns San bana ERENBENSESE 7: 


EENSEESEES < 
Olga seaecameueusgesesere 2?" 4 
Sag Se aS see Se a Si sie' et 
Sees CR EneRecasuaea=ast 2-5: Pe ee Ed 
Caden aie tao 
=n ee ee ee ole SES bh Ri Bes 
Cr nee sonic e C) 
SEeaRRETSS EERE ESEEEO™.«: iO SESeem i ase 
as cans na aaean pARRRSGRI. 7a Wee egeNCans 
Be nasceaes we ———4 ea til caei-heee 
telat WeGe@aG! Lome 
So resu sass eg ervoneest2* aay ie eae bs 


a 


ataad 
tt 


Secanmnasscsseveauetee> at spas 
ipae Be rane SEBSES SENET Rates, 


aa acest oe ’, 7 orm ix 
wep oeweees? Hots been cei 
me F 


We: z= bene : on Re 
Siatsarorates wet fe 4 
cae pensuneanemes zaeiae H 
v, J . ae Z! 


SoSuenseesert heel 
; : Pee a aus 


saanee Ptr ee ht 
Blccserrameene Se 


ne  —— 


Figure V-5 


ee ne ee 


Soaaededanaue 
sulle 


Bnucaelateeas 
ofa enHeeo"dgh aodar oda ager a r 


os oe 


Report AFRPL-TR-69-50, Appendix D 


=I 
att 
an 


paw" 
Od 


7 maeaae 


saseatd 


7 


Figure v-6 


Report AFRPL-TR-69-50, Appendix D 


a es 
atte 
rette eee 


ae 


ENE 


IEE 


Bane 
mee 


tH THT 
Pa 


a 


SOTN 


ee 


tar 


e 


Figure VI-l 


me TRS te i 
ere meme 


we eee eet oe 


Lae roca 


Report eens Appendix D 


AEE EE ee TEC ECE 
elite touted lett altijaln hse tata caidas 
i ee . aE ae : oe 
Fee REnEE EER acd inBe ap 
sates a esaeeaeabtgte aac 
iienap 
Eh izatt au ae a 


EDEL REET zee peas" 
HRHEEAEE Brent suueneae 
none : Eigaas aa eeeees cere: Heee 


ate ta t i 
Pe tt rs HEEL ‘age 
Hee trish: wee 
SEER BEET a 2 
bh ri tt z 


Figure VI-2 


Report AFRPL-TR-69-50, Appenéix D 


BESUULSSEVOeR SE Teese 
ete te tte 


bit iti = 
SERA aS 8478 TE 


| adel 
QGR5 FROCK SF) LE 
SEKEERSS2: 


Tibeasascnews 


Bese 
ress 


ee 


SSEgesebeeces 


ree rs 


aittaldists 
SxreeEDtesst 


an 


£1 
are 


La 


err 
buewbae 


ms § 


bab 
baeuens reaks 


aunek 
Pht 


ets 


ran 
6 


ech Tae. 


alot 
t | a ie 
NREGGnE 


NET: 


{ 


fi 
vee 


cae —— — 


—— 
ts 


sac cancacaea prwones an etl aaAl ta lisanepens ati me 


' 
{ 
1 
H 
\ 
! 
i 
' 


i pp by val ee ee fe 4 +f ent tye Ae ede Su age TC Oe ae ae ayrpeype BAe PaO On no a ppt TE: | 
Ft et ditebatete hee | he a-ge2!o-$02 jo paz! a° “hoz {arbor} oper! d'hn’ ra | O60" io | Obs | 'bS es et unles : i 24 


~ +4 a Band Te ecb el 
gugeceaeaesal 00s nang 
S reencavaiatsca cafe ba saecat rasan motte 


se hee Pe ye fe ree ee See Oe Oe 
ao aie bd BRE pag BAe eee 


Figure VI-4 


a eS RE ree 


Report AFRPL-TR-69-50, Appendix D 


* 
LN NR A en 
a 


IRI RE eo ee cee 


ee ee ; | 


Su sidbebessl Gnosis addauusscusbasagan sed 
evaneraieeatecattcaetari* ena 


“aueter SanuE 
Bite A 
OF PR ehan ie 
watt > 
gacay 
rT ry yrs o 
ACE eal 
LaE8S H iE 
nies SEE Het PET E 
att eb Perea eT EH ' 
pe MK 
baat SBCHSESEESE 3Encee 


PET Ere ret P17 | 
Senaneene Sarre SURTSRESERaeTaaceul dssduude bes: 


He ae vies 


JVLNid LuBLS/dBLS zt : | 


Report AFRPL-~-TR-69-50, Appendix D 


arsisess 


ree anes a rece | 


Report AFRPL-TR-69-50, Appendix D 


aesuaeee ac ius 


7 om 0 me Ka a a 
Jeet fede ppp pig ates 
a We es Be to: de tel 
i t et 
r Tl 


bt t 
a ee 
t H 


=i 


Figure VII 


coe 


= ee x SS 


ee 
ee 


f= 
Eg 


= of eecgee Geer eoe-Geoeeee 
te 


haa id nena 
w“ ty 


3 
| 
| 


Report AFRPL-TR-69-50, Appendix D 


pig. 


an 


=e page 
Haat ae 


Ee eee 


et ay 


coe mt ll 
+ pees 


a 


ee fee de 


— 


i 


= 


japcgsaccseeias 
— 


Bye ecccannaace? 
ESe3 cad neces taaceea 


Ee ee 
if 
Fab ee 


rH 
34 


zl 


| 


| 


Figure VII-2 


pate cee ar So aE ee ee ene ee i ote ae 


j 
i) 
Report AFRPL-TR-69-50, Appendix D 


nee 7 Syeeetenal 
acee esepg vats 24 


4- ite ee 


Figure VII-3 


i ti i el ee ee 
Peay Stones ee SO SS es Sree 


a oe eae 


a ES ea 


aaa ee oe ToL ete 


Bue aasuecen 
eet eset rt 
SEC Bade + EL 4 
Hai Fs emia AGT 4 abe AN 6 a. cam 
eR mk coh oo aS EM 
fF SERB an aoe Gen 
Pett Peet 


‘do$>lo? ob 


Figure VII-4 


ert 


atin RIvEe 


: ilinteltaat 

PEPE eet 4 

sta raeseciiis 
anieereae itcaaatas 


Go6*: 


| 


eis 


— on aT too 


cope 


Report AFRPL-TR-69-50, Appendix D 


aa gose'o* 


ae : 
1 SH 
-4-- 


{ 
J 
bee hie 

J 
es 


rgosnio: 


sear | 


Report AFRPL-TR-69-50, Appendix D 


a at a 


aa 


ft 


saan A a a em: 


We 


ad 
U4 


Euaeaa ua 
PPC Orr 

eS an 
eRe RS 


erty 
eesti 


$ " ce 


acgeieni 


ae Et 


t 


etep alk Fa Sn Hae 
as To No Pa 
rea mesa : 


— 


LEECECL 


ae 
ty i 


Te. 
: 1 


sy oso" 


V5.0 06 


Figure VII-5 


— ae st 


Hina ww 8 eee meR iter 
ie ere gees sibsccatten ices HaTTTGEES a i a 
. Eaeadl PEEEETE Rt tH Hie Eee Bab 
BS ar eraeaust naeeueel ae 
Se heey Bieta CURE 
A ret r 1 asia 
& Tot peermedia | van = 
s iehgumepungeenmeseauueccece hae 
a Pee te gieucnebensabace sedan ine 
@ Bec FH 
Es on renee aes : 
urea iste 3 
meat tL 
ce a 
2 Tre 
5 anes | 
2 a iitigad 
ee 


per 
rae 
ee 
=a 
ee ml 
te 
ieee 
ns 
Bette 
Ee 
TLN 
mens 
am 
aa 
ease 
pneaon 
ee 
[el 
te : 
-_ es A : 
Figure VII-6 


enter et Nn eR A A ND LI, I AI ee ee : 
- - ee ON 


ae — oo — a — rT> a, rea ee it Pett etre 3 - =e a _ 3 a 
in eR RT ROEM Ot nt oO BARE RESET CED Ae 


7 . : : } 


it 


. 


pith ra tap | bon tracy |r dogo 


ceSepasuaees Se erister tra reese er eS 
sphatis pile cabot otatoberee —e 


gaerne a 

ZPSCK Oe 
Ctects 222 
et mel later 


ap 
4 ‘& 
F 
He 


aury 
Vt 
a 


het 
st eS 


Sr Saae 
oh 
. EP 


REALENBE: 


Figure VIIT-1 


Report AFRPL-TR-69-50, Appendix D 
Ty SAMAED AE OMERTONS SOUS Rae 


leh SST ECaeiaieeed 


wee SExe- cep sie auye 
7 * ies er 
: = 


segguh: > 2 - ae 
SE PSRETE EUDERE SBA Me 4 7Y 5. 
a8 Riccmmks: oe 


iaiens tee nears.) dat > lor one ee 


Qkevesanast 
PEERS La Troe 


eRreer sts 
it ra » ba 
POCMREFCRTUrRae: 0 


Ce 
tT lated 
Le ak 


Figure VIII-2 


TS A SOO tee ee 


Report AFRPL-TR-69-50, Appendix D 


eon se aehy > MSE i BOOS RE Tee” 
beh oe eh fe 


shores surseaeasyes 


i gnu na 
BWSR Ee 2 aes 
+ 7 GEES OR RTAR ATE. ty 
{iGuupee oceans» a: 
& -enen 


» =P 
Pitt BabuAne 
oa FB aecseacer 


Sy H+ 
res eet 


5:0°/S1ARI P! 
i ee ta ra Bed] othe ; 


aee oR 
peat At: 


ad 
BE et eaves. 


ewer none oem me wer kee 


eee eann ei 


4 
_— 


tH 


a - 
ie ea | ip ee ee 
Pere Leora -4-. z ‘ 

7 on op 


qo 


nar, ik ued inne een 
E i toe Boa 


510°/SI9RS SINILE 
poh 


a 
mae : 


yea fae 


Figure VIII-4 


we ee ee | ee ee oe 5) eee Se ea 


Report AFRPL-TR-69-50, Appendix D 


RRESHERU RHEE SUSSeeeeenes HH 
SBuAgaRNSERUE (Buu 4h 


ip ceenehontnnenase bidet ieee 
Be Satta Bes! 10 
athena ta Pr peas eescrezes ¢ “ Lt tet 4 
ee deta ESS! | Pe s 
De sseeveansenece: SBnaue on -oee 
eeecesnneanen ue 
qpESREEHBRHNE! © es . 


re 
sia 


ego! G1 
eee 


° 
oe 
ie oe BTS ae 


4 
Tian | 
is 


«2 $28. 


aa get Gs DAM eee 


te 


2, 


1 


a ee) ee a ee Tata Poe le we 
7 matte es = Fe . . Pohuae Abe Wiad 
i iT i ” ~ ‘ 
oe 
i 
i_— i 
i 
5 


aT 


ae 
rdf ; aes | 


beep 
| i 
+e 
ST AE 
-thectprcs . 
ses | 
t ae 
Le 
i | 
| 
H —=t1 
Li | 
20 
rs 
ri] t 
CEDEEr 


Si 0°*SIGRI CINE 

ia: 

f 

ae 

4 ap 

a 

i” 

Z 


79! 


2 Sees & Pee w wees Ses Bee Oe ee a Se ee 


Figure VIII-5 


Tie eer no ae age Sos ps ee g a Pre ace eee esas | 


ee ce 


Report AFRPL-TR-69-50, Appendix D 


a Jide t ! Ph oe S@b STEREO 2 SU ss NBE aT 
i ca a S eo erecta 
SRERTEDSPSERLSRSSENTSESSEEEEECSO NCR oc: 
SR ESUBERSBESSS Oe Cee cs cued TES; SG. sa eeee 
PrREOSETESRECSEREECHESSUSs’ seetie: oc.503 
Mee ee ete avon~ -OF 8: BP *er 
eenans Cert FasUes st BD: a “Bases 
bed apes os 85 Bauenne ens Eis Si Su sa 
- SR 2884 SE ry aartiiy yi ii iat Bit: &e*8aS 
per Soeecess bi | 2° ae Lid 


nace Esa pea a on 
ete te ae 
| fale +1 


Le 

ed 

vee ree r 

BONES ceca seta beOebseo === - 
ee SEEEasg 
4 : SEBCREE : mr 


Petre tit ei tir 


bid wdevadaned 


Saud aba dbb txt taba 27: 
neva secaeciscccececttsesssi235-° 


ACE ha 


: Sa REESCEESEREEES) 90! 
Eng BEDeecsPecees (Ges ae 
reenact 
{ Pe een 

i ? 


Foal 
be ptt 


cl! ot oT | ets ithe 7 | 

eh eee 

A ae ee ee 

AT Ae ee SScewee: 
+ : ie, 


O [= 3-4-4 


Sees ee ee | 
Mop ghee ss Tey eda qeqede beg ide ay ft 


is ory oe ge mets Ba ee Bee ALT ee 
Heed goa aes SESS ESESEY Ste 
Peek eh 


Pus ee REA aap ile Mao lseeealen es 8] 


Figure VIII-6 


Lppbnes UTTAE 11 dam nen 


Spey ESSE VESEEEREESES : TEEEPEEEEEE 
fiat at ronan nara 
_ 


i ce 


+ 


nme teers 


1 


Figure IX- 


Report AFRPL-TR-69-50, Appendix D 


Oe re idee =I CORR) RE 


eenernee 
ja-per 


ee 
bes tae Wi a 
ness ti 


a: Hee fete 


Report AFRPL-TR-69-50, Appendix D 


PPS euiae cea 
te Homieee Pe a Te 
seu REeaeRpL eG CGBEe No 

eer oceeageeuean SHEE crEN 


ae ee 


Report AFRPL-TR-69-50, Appendix D 


SRBRU Re EERE OUERE ee 
ag aes Pf E 


IX-3 


Se 


Figur 


oa 


“STL Nolen 


FORGE PED) [air SameMnN cae eerenge eae pe ng 


oe oe 


Report AFRPL-TR-69-50, Appendix D 


no . H : ‘ ia : : ; f : : : 1 
a — iether eee =e Ct eT Rea) geeremene ein emer oe Bs sd 
estes ob ya pees : | 7 7 ‘ . ‘ n i ' ait cee 
' ne wie yp tad Lond a er “jnlp ton af 2 
- ~ — st - — 


JAIN Tel etsy sb TS” 


vee pram spear Tor tab ar anata 


passeeeat? 
| : . 
1 r 7 5 


ao ee to as ee 


7 Pat cece ee 


TTS sean Nodame 2) cn arnt GA 


4 


Figure IX- 


raselo: : 


b riesnie: ogtior 


cae ee ne etme eee - 


on 


as ie oat 
am 


Report AFRPL-TR-69-50, Appendix D 


Pt tet TT] 
te deg te | 


ti 
igi 


Be 
Bt 
ag 

Lj 


T 
mae 


7 
tar 
Fi 
fa 


ean eee 


3 

E aa 

ReEcsee (feees 
Senet Nees 
sees) Gocauate 


pea : 


4° 


i 
. 4 ria: | a 
page 


ae 


roo 


e7'n hestio 


pe 


“hacia nsin 


n° rrsein 


find 
i 


| 


! 
1 
| 


du 


i 
i ak 


= | 
\ 
I 
i- 
lo 
[= 
44 
| 
Figure IX-5 


dem | 
: ane ~ 


or 


a H 7 ' 1- 
apa EY 

a a i o9e 1: 

fae te aay eae ee 
ee 5s anaes aes, [shy | a 


Lobe Py oo {-- | 
=: cease =e aaliedl oe +--- 


7 ‘4 


A uepe ee ee ea, ee (a 
meals OK 


er 


fee ble kes 
nN WAL EE 


eas ee 


‘ . ‘ . rn, er re : 4 t: 

Soyo hab Hahee! 

ees Se 

bee wee ie Ren ee es, 
bLS7aD01S 4 


P Sao: a . 
.- $73) ii . * = 
Pe oa Re trea et i, 


RAINE, eet arpererrmmnne nnn eres nel ee 


ea brobtet 


s2uaeaSRooenou Wee eidcles 
Fk tek Leke Floor pk he cake 


:i Zz | 
g ayes H 
ee | 
a is tr 7 
QR ae A ts PT sae a 
AU 5 So Ah ee fe 
@ Tore 2 Pi 
ee eee ee am A 
& eganeneWapaone acaeaep ica e 
1 CRE RRC CoCr cf i 
SpCeteaeteait ranean vi 
scsescuateeaeel Sak 
pup ccasiecatiacanttc: 
| Seay 
“a Peete GH eee , 
GUUEds ha Ssea Eps e S 
PEC LEE EE CLE ere 
aoe py oan 
ge 


“paged en eee) rere 
4 


agree Haste wonton y+ Te 


ie. 
{- 
te 
1 


pete 
a : 


EEE i i Eossponsuowotaraters 


jeaaie: See eaeeueesel 
TARPS EEE EEE toner 
aFUs asc Seagea0 nee. eae 


Bet Eee eit 
SESGGmeeGc seo one 


ied ai 
eee 


SpErevens A 

DVT V AP AVAUAWAW VACA AN aLeMB SBE 
AY fi LSLSLe aa Sinetd-ceanatetas 
a PELE iesrastogttie Sreeets we es 


He TE SUDEESEEAeneauerEne "faze 
EeeESErUt gE Besse ses -ie 
A AINA IEE ES 


Report AFRPL-TR-69-50, Appendix D 


: 3 NA a vi 


aE Reem ieee 


i Sees ceca 

Ageeee 
fee 
DLE ae 


aauueeRaeeet ceseed seus TUBLS7 401% 


Figure X-1 


t 
1 
! 
i 
! 


a we ba eee 
Coe e poet tae 
a gecleencs Ss =* seamen Seest sees 
Bpse=sesneeaccae Jeneeeis acai sii7esc 
SE nse aps a saan eEeene eR caomae ceceee 
yey en sees men ans * oi : J 
Tih {SERBS GS eeR= 
aches a AD re 
ies as — Rarsueeeilwaen 
pmenn Rs ees 
poe a ae gel a es A RamBablasaBes 
Sibassseesscatecueeree eset etz 
sestaas a Panes 
ee = i 
ose i= rig] 
apes rt ret yet 
ianeonae mt See aeee 
Sasness lage} (nee 
patos ateeeS 
Se ti 
so eRe yt 
Pee a tee ie 8 
Rie wets ~~ § =: 
SESE SHH A 
2a aoe ee hi 
eer te 
‘Dae! 
fo 
‘a 


will i as i 
1 OgsNot qgbRoTaDgei0* cevelo* 


Bee ee 1 tie oe 4 
So cm res 


SS es ee opest {ee nana pa faReeeteecnsesrte 
sc SnGoaennesc 7 seen eeeneh CaUEGaeReeun scsi 
a-oceeeeene 


Re ee Pi 
ze ET | 1 oad Co Ra 2», |- mn fos 
syeae’ GS0: ore-seLauaceusuaue.aucer Niece: 
PSE FEE Pe EEE Fe ES 


Figure X-3 


ene see ARES. 


Mania Midd 
a ree ce a is aS 


ae 
ie SE ees 
HOMEES as Enns 
manatee eet eae 
SF a Spier Se 
ES + Soa MEST REM Se COBY it : 
wane oe 
nuthin mato 
F A i 2 A A 
POM eeawe “TEDL bye sper a: 
; ae A GSE ALE i WO 
Pp pte biter rece 
I ne a a 
a tot 3 Ses SERS Ser? Pee rer 2: ee me 
Car a Tan oe tein cheat Se Da Pt] 
| 


ein ae ee CR hare) Gp neRaET 
7 . 


+ enh tsa A nA Ma 


ian! Re pide BU 


et hate 


eee ene man et ee re ee 


MAA 


Aare 
EES SE ES Ga SEAN BP ers eve ee pe mc ee I 
da : 
(98 Nar op ore 1 
Gessce: | 
a " : iii 
rt oat ii! 
eae = ee = 
—S IK 
ee iP 
== coe 
a Se i 
= SS abe, iv 
, : ty 
mates 
ee wee ee ee it 
Ere 


neh ek 


a 
ies ‘ae es WO “ns WO es 


PERE EE EE Pero 
pase naaesuenl 


z Bae 
Ei 


sits 
beuaeeeees 


es 
ue 
Be 
3 
> 
at 
be EE 
alae 
ene 
A 
anil 
it dag 
|: Se 
cane 
x 


SC 
| vo be EE Te La a Pe Ede 
Figure X-5 


Hope itu 
a HAH id 


oh] -B AS 


TO an hn eR RIO 0 en ge peer cue. 


Report AFRPL-TR-69-50, Appendix D 


Saal Reece 


att 


Ai |) 
} 

Li 

| 


a ae 
fF ie ae a a 
ae ae et mee 


aaeD . * 
paSeREResasg 
PAAR 


BoSme ae 
rs SE RES SG aE 

mgt Ta ae ra ee 
Pee Sis: see iy 


ates Geeseseeseeaas 


AG 


AP 


I] 


AEA A 


A 


ie wees eae 


it & 1 
5 Lai Daa 
} Peer teen 
be ae 
~ ee eaes 1 
: eS ee Dee 1 
7 


! : H | pu 
OOS tio “odio bos | 


Figure xX-6 


Tre wre a5 Ss Laced 


Report AFRPL-TR-69-50, Appendix D 


Sa 


ex ‘aan 
ees 
enw 


fe 


Eas 


er 3 


«08 


s2n3s7asaasuRpe 
pi kedbess 


ndeemeibes sae 


Be Ee 


ei 


else 
ert 
eestt 


shes! 


FE 


ae 


“th “| eee 


ae 


Shes ea eee cane 


. oe i) 
ptr et a ae 


cae ic tat a oad 


gE 


wali! 21 a“ part 


eet Se 


i es 


= 


ae ie 


zs'ebetlo- cho 


onsz'a"¢b3 


Figure XI-l 


Report AFRPL-TR-69-50, Appendix D 


@ RET Res sccfe 


ro mara gusenasae 


Sec rere ess pened ey eee 


|e ise janet era ee Prone fy 


TRE ET BE Le ere peel | ae 


1 O82 -o-boe! ons gaz 0:b92!o“buz, 07622 0° poz |o- ge’ 0° 431 io 


As 

1 

or bopor 
i 


tanaate 


EP EEL CLARET Orem OE erences pomentietematre fe PHN T 


Tue 


Ei SRR TTR Se” 


: pues Ee 


ses epee pe 


tft ! 


» ober! doanlo op ge'o" au 


raat re 


- 


i 


Sra) 


Figure XI-2 


a a a Sa RS LT a ee 


Set) 


ia aes Gh i are 
<3 U'ga2]0° nzla: 


Report AFRPL-TR-69-50, Appendix D 


du bande 


ee tar eres 


Troatgene 


i 


jake 


we en 
ise 
ia} 


wwe 


ee ee te te 


EA Soares 


EE 
<4. 


aS 


EReSA 


Beas 
Figure XI 


= stot & 
pas Ee 


pte! 
is ati 


Report AFRPL-TR-69-50, Appendix D 
ze 
i atecl 


ce hee ine ee ee arene aia Sen omens eine: Sarai tte See NNN Ire A NO 
oT 


. ° 
a & 


meee PET SE ae buted at ea eee aE oles eb 
h Ci 


" chla-hoe a Be ‘a o' hos |G: doz! 0: $92 {o-gn2 | ug22 [0 G02 | Oger jabs! gant log2t |o-got; ope | o'hg | Oy | Obs | a’. 


at 5 
ft nes : He Pe fe 4 agus —|--}4- qusesaeaneiens nea gs a Pre E 1 : 


| 
14 


I 
iH 
nae 
ete 
za 


OS 


1 
a ft 
wanaanae et | 
ee Fees Pott a ofeaes aos 
| ipa ea an Rue “=o xc eco Se Sere i 
=e nue 1: tp ed Sen De en aE RS So ibrabeelest,-+——t——4 - 
i 


$2lo opuz'0 ops !'0'0001! 0.9 
Ps 


004 


Figure XI-5 


sunitwaena 


7 
= -8 
a 


i. 
ist 


0°00 S6;0 "00060 
rene oesae 


Report AFRPL-TR-69-50, Appendix D 


pel ° 


op ono’ 


ieee 

. eo: fe 

iH e- |: . 
: Let Bi i. 
: S ' 
t 


does ustedes aes. stds og: nests vn net anayinmm hilt, isi san sini ch ate Nam Mn nie eas tate ie, tienes isan atniemmaiaatasasanas acteiliai slaatias aiiestaitamates manned, Winetiintert nannies mania ie anette) 


ee ee a 


Ne ee Ot -f 
ae Be [4 


tidal tas dclarta-tehto 
etisie ann 


eS ery 


Tidy Fgh ST: 
Seen 


Figure XI-6 


Ey) 


Sie 


“TSE 


A 
6 
ot 
ue} 
S 
2 
Ry 
Co 
~ 
jo) 
a 
ON 
\O 
é 
1 
re) 
oe 
QO 
w 
AG 


FAO ee ea, ree BT LEB A - 


2 ae re ene re yur 


Report AFRPL-TR-69-50, Appendix E 


APPENDIX E 


THERMAL STUDY OF THE SINGLE CHAMBER STOP/START PROPELLANT ENVIRONMENT 
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SECTION I 


INTRODUCTION 


The purposes of the thermal analyses of the stop/start motor propellant 
environment were to predict: (1) the incident radiation flux to the pro- 
pellant and (2) the pyrolysis gas evolution rate during the "soak" period 


following pulse action of the motor. These predictions are then to be used 
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SECTION II 


DISCUSSION 


The significant parameters which determine the reignition of propellants 
in stop/start motor environment include the incident radiation flux distri- 
bution to the propellant and the pyrolysis gas evolution rates from the motor 
insulation system. Since both the insulation surface temperature and the 
energy stored in the insulation increase with pulse duration, the radiation 
flux to the propellant during "soak" periods will also increase with pulse 
action time. In the present study the pulse duration considered was 8.3 sec 
which corresponds to approximately one-third of the total motor action time. 
Further, the exposed area of the insulation surface and the radiation viow 
factors vary with total motor action time. For this reason the propellant 
environment was predicted for propellant burn-back conditions corresponding 
to each of three 8.3 second pulses. 

The procedure followed in defining the environment of the propellant 
was first to predict the response of the internal insulation at representative 
locations in the motor. For this phase of the study, the chamber wall was 
divided into regions according to exposure time and magnitude of the local 
convective heat transfer coefficients. The response of the insulation at 
each of these regions was then calculated using a computer program. This 
program utilized the thermal response of elastomeric insulation materials 
which decompose in depth when exposed to the environment associated with solid 


rocket chamber environment. 
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The incident radiation to the propellant grain was then obtained by 
summing the individual contributions of the various regions of the chamber 
insulation. 

A summary of the results of this study is presented in Figures E-l 
through E-5. Figure E-1 shows the calculated incident heat flux at a typical 
forward propellant station for the soak periods following each of the assumed 
pulse durations. It will be seen from this figure that the initial rate at 
which the incident heat flux decreases is large compared to that for later 
times. This characteristic is due to the fourth-power temperature dependence 
of radiation and the rapid decay in source (insulation) surface temperature. 
The insulation material, V-4010, and other elastomeric insulation materials 
have (1) low conductivity, (2) low char density, and (3) a high yield of 
pyrolysis gas from the virgin material. These properties are desirable in 
applications where the attainment of low heat flux to the propellant grain is 
necessary because they result in a rapid decay in insulation surface temperature. 
The calculated response of V-4010 at a typical location, as shown in Figure E-6, 
illustrates this characteristic. 

The incident heat flux to typical propellant locations in the aft motor 
section are shown in Figure E-2. These results exhibit characteristics similar 
to those shown in Figure E-1 for the forward stations. The magnitudes of 
incident heat flux in the aft region are somewhat greater, however, due to 
the more severe environment of the insulation durain action time and a small 
radiation contribution by the components in the throat region. 

Figure E-3 shows the calculated propellant surface temperature 
variation at typical forward propellant stations for the heat fluxes shown in 
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Figure E-l1. It will be noted in this figure that the propellant surface 
temperature decreases continuously. 

Figure E-4 shows the propellant surface temperature response for the 
typical aft propellant stations. These results exhibit characteristics 
similar to those for the forward stations. As noted above, the environment 
is slightly more severe and the propellant surface temperatures are corres- 
pondingly higher. 

Figure E-5 shows the total mass evolution rates of the insulation 
pyrolysis gas for the three “soak" periods considered. It will be noted 
from this figure that the pyrolysis gas evolution rate decreases with timc 
for each of the "“svuak" periods and that the magnitude of the evolution rate 
for equal "soak" periods increases with total action time. The latter char- 
acteristic is due to the increase in exposed insulation area with action 
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RE-IGNITION ANALYSIS OF THE SINGLE-CHAMBER STOP/START 
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SFCTION I 


INTRODUCTION 


A re-ignition analysis has been conducted of the stop/start motor 
to determine if motor re-ignition could occur after a pulse termination. 


The analysis was based on the results of Appendix E. 
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SECTION II 


DISCUSSION 


Rocket motor ignition phenomena are analyzed through tie use of 
ignitability data derived from tests conducted in the urc-image furnace 
under controlled environmental] conditions. From these tests, time to 
ignition for a particular propellant is defined in terms of induced heat 
flux and pressure. In addition, propellant critical ignition pressure is 
determined through the use of the furnace where critical pressure is defined 
as the highest pressure at which the time~to-ignition is considered intinite. 
After the test data ls obtained, it is placed through a smoothing process 
and scaling laws developed for extrapolation to other flux levels. 

Internal motor pressure is derived from insulation pyrolysis und 
propellant ablation due to the thermal and pressure environment. These 


data are shown in Appendix E. 
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SECTION IIT 


THEORY 


The general ignition theory considers the induced heat flux and the 
temperature profile in the solid propellant grain. Heat is transferred to 
the propellant grain by convection and radiation modes. For this motor, the 
means of heat transmission is principally by radiation. Time to propellant 
ignition, try, is defined as the summation of the thermal induction interval, 
t,, and the chemical induction interval, t,. The thermal induction period is 
defined in terms of heat flux, propellant diffusivity, conductivity, auto- 
ignition, bulk temperature, and a critical propellant depth. The critical 
depth is a characteristic depth to which the propellant in:ist be rulsced to 
auto-ignition temperature for sustained ignition to occur. The chemical 


induction period is defined in terms of the critical pressure, local pressure, 


and an empirical constant determined from arc-image data. 


Fage 3 
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SECTION Iv 


DISCUSSION 


: A curve fit of the propellant igniteability data was mde aftcr a 


: smoothing process. Particular emphasis was placed on assuring a good fit on 
; the lowest heat flux curve since Appendix E shows a low Plux environment in 
the motor. Time to ignition for any heat flux may be found fron, 
; tay = to + La 
: tay = ing - in _G -o.21977_(490_- Tas)) ‘ 1 
‘ z nO5 (P - 45 
; where: tay = seconds 
: 4 = Btu/tt@asec ; Hy 
Tauto = 490° 
Pe = 4S psia 
By inspection, it is seen that there are two quantities which tend ; 
to make t#y approach infinitys 1 
(1) 4 -0.21977 (490 - Tomb) =0O; lno= - @@# . 
(2) P -45 = 0; lim pir- © 
P—945 
The critical depth has been found to be approximately 0.004 inch. 
| Tigure D-l shows that for any pulse time there is a steep temperature gradicnt 
in the solid propellant and that at a depth of 0.004 inch the local temperature : 
| “ is below the eutoignition temperature. : 
Figures E-1 and E-2 of Appendix E show that incident heat flux is H 


at a maximum when t = O and decreases extremely fast with increasing time. The 


mean heat flux for the first 0.500 second is approximately 25 Btu/ft® -sec. 


, 
rar" Ogawa eo Oa 


Using this information and propellant ignitability data, with an assumed 
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IV, Discussion (cont.) 


chamber prescure of 2.0 psia due to insulation and propellant pyrolysis, the i) 
' propellant ablation rate is found to be approximately hO x 1074 in./sec. 
| 


Normaliy, the incident heat flux would be determined for all locations on the A 


propellant grain and the effects on ablation rate integrated over the total 
mass flow. Since the motor configuration is relatively complex, this approach 
was not deemed feasible. Thus, for a first approximation, the maximum flux 

was considered to exist in all locations over the camplete propellant surface. 
This approximation will yield a conservative answer with respect to re-ignition. 
Induced pressure is found by summing the mass flow from all sources and 
assigning an overall mass flow coefficient to the gases. For any pulse, the 
maximum pyrolysis occurs near t = 0, where t is the time after normal burning 
termination. Also, from Appendix E, the induced heat flux is independent of 
pulse, therefore the maximum mass flow occurs after the last pulse where 


maximum surface area occurs. The induced pressure is found as follows: 


- Ro 7 om (PraAp a W vidiyeie) 
A. = throat area, 39 in.? 
f = density, 1ba/in.3 
rm 8 ablation rate, in./sec 
= total propellant surface area, in.* 
cos assumed flow coefficient, lbm/1bf-sec ~ 
Pos — 6.063 @oo) (1400) + 0.175) = 1.13 psia 
390012) an 


P< 2.0(assumed) 
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SECTION V 


CONCLUSIONS ’ 


Based on results of Appendix E and this study, it may be concluded 
that re-ignition will not occur for the motor configuration as designed. In 
the predicted thermal environment within the motor, none of the requirements 


for ignition are satisfied, as shown below. 


Maximum 
Quantity Predicted Value Critical Yaluc 
Ps nducea? psia 1-2 1 
Qinaucea? Btv/ft®-sec 35 91 


Although there have been several simplifying assumptions made in this 


ignition conditions than actually exist. Thus, all estimates are conservative 


analysis, it should be noted that each would tend to provide more favorable # 
assuring that re-ignition will. not occur. ,; 
4 
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